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Description 

Field of Invention 

$ This invention concerns the production of antibodies (or immunoglobulins). 

Background to the Invention 

It is known to produce transgenic animals capable of producing foreign proteins, including immunoglobulins, in 
10 bodyfluldssuchasmilk(seeClarketal.,Tibtech(1987)5.20-24andChurchetal.,Tibtech(1987)5, 13-19). Scangos 
et al., Advances in Genetics (1987) 24, 285-316 and Alt et al., Trends in Genetics (1985)2, 231-236 are both review 
articles which include references to work in which functionally rearranged immunoglobulin genes are introduced into 
mice. Jaenisch, Science (1988) 240, 1468-1474 is a review of transgenic animals and their uses. The section on page 
1471 under the heading "Immune System" refers, inter alia, to papers of Goodhardt et al. (Proc. Natl. Acad. Sci, USA 
IS (1987) 84, 4229-4233) and Bucchini et al (Nature (1987) 326, 409-411) concerning rearrangement of rabbit or chicken 
immunoglobulin light chain genes introduced to mice in germiine configuration. 

Summary of the Inventton 

20 According to one aspect of the present invention there is provided a method of producing an immunogbbulin, 

comprising inserting into the germiine of a non-human animal DNA thai includes a nucleic acid segment coding for at 
least part of an immunoglobulin of human origin which includes a gene segment coding for a human immunoglobulin 
heavy chain region wherein said gene segment is not in fully rearranged form, such that the DNA is rearranged in the 
animal to encode a repertoire of immunogtobulins with part or parts derived iram the inserted DNA and expressed in 

25 cells or body fluid of the animal; and obtaining immunoglobulin from cells or suitable body fluid of the animal. 

In a further aspect the invention provides a method of producing an immunogtobulin to a particular antigen, com- 
prising producing a transgenic animal by inserting into the germiine of the animal DNA of foreign origin coding for at 
least a part of an immunogtobultn of human origin which includes a gene segment coding for a human Immunoglobulin 
heavy chain region, such that said DNA of foreign origin undergoes rearrangement or mutation in the lymphoid tissue 

30 of the transgenic animal to produce a variety of rearranged genes that encode immunoglobulins, immunoglobulin frag- 
ments or immunoglobulin chimeric molecules, such that, following challenge of the transgenic animal with a particular 
antigen, the immunoglobulin to the antigen that is encoded by the rearranged or mutated DNA is expressed in cells or 
body fluid of the animal; and obtaining immunoglobulin from cells or suitable body fluid of the animal. 

DNA of foreign origin means DNA derived from a different animal source. For example where the transgenic anima! 

35 is a mouse, the inserted DNA is of non-mouse, e.g. human, origin. 

The inserted DNA may be produced from an animal source, or may be produced synthetically. The DNA may code 
for at least part of a known immunoglobulin or may be modified to code for at least part of an altered immunoglobulin. 
Suitable techniques for these processes are well known. 

The inserted DNA may be expressed in the transgenic animal, resulting in productk)n of an immunoglobulin derived 

40 at least in part from the inserted material. It is found the inserted DNA is rearranged in the transgenic animal, so that 
a repertoire of immunogtobulins with part or parts derived from inserted genetic material may be produced even if the 
inserted material is incorporated in the germiine in the wrong position or with the wrong geometry. Depending on the 
nature of the inserted material, the animal may produce a chimaeric immunoglobulin, e.g. of mixed mouse/human 
origin, where the material of foreign origin encodes only part of the immunoglobulin, or the animal may produce an 

45 entirely foreign immunoglobulin, e.g. of wholly human origin, where the DNA of foreign origin encodes an entire immu- 
noglobulin. Potentially therapeutically useful immunoglobulins suitable for use with humans thus may be produced by 
use of the invention. 

Polycbnal antisera may be produced from the transgenic animal following immunisation. Alternatively, monoclonal 
antibodies may be produced from the transgenic animal, eg by fusing spleen cells from the animal with myeloma cells 

50 and screening the resulting hybridomas to select those producing the desired antibody. Suitable techniques for such 
processes are well known to those skilled in the art. 

In an alternative approach, the DNA may be incorporated in the animal in such a way that the desired antibody is 
produced in body fluids such as serum or external secretions of the aninr^al, such as milk, colostrum or saliva. For 
example, fay inserting in vitro DNA encoding for at least part of an immunoglobulin of foreign origin into a gene of a 

55 mammal coding for a milk protein and then introducing the gene to a fertilised egg of the mammal, eg by injection, the 
egg may develop into an adult female mammal producing milk containing immunoglobulin derived at least in part from 
the inserted DNA. The desired antibody may then be harvested from the milk. Suitable techniques for carrying out such 
processes are known to those skilled in the art. 
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Another possibility involves removal from the animai of immunoglobulin-producing cells generated by the animal 
after insertion of genetk; material, to! towed by in vitro selection of cells producing an tmmunoglc^ulin of interest. The 
immunoglobulin can then be produced in vitro from the selected cells in known manner. 

It has been found that a transgenic animal can produce chimaeric or foreign immunoglobulin (derived from inserted 
s DNA) in response to an immunogen subsequently introduce to the animal. Accordingly, by introducing foreign, eg 
human, DNA encoding for substantially the entire species specific regbns of an immunoglobulin it may be possible to 
stimulate the animal to produce foreign immunoglobulin to any antigen introduced to the animal. The transgenic animal 
could thus provide a highly useful, convenient and valuable source of human immunoglobulins to a large range of 
antigens. 

10 It is thought that it may be important for the inserted DNA to be integrated in proximity on the genome for successful 

rearrangement. The inserted DNA may thus be in the form of DNA cloned into prokaryotic vectors such as plasmids 
and cosmids. Multiple plasmids or cosmtds may also be used, but it ts probably necessary for these to integrate in 
proximity on the genwne. It may also prove possible to insert larger DNA fragments by using yeast artifical chromosome 
vectors (see Burke, D T, Carte, G F and Olson, M V (1987) "Cloning of large segments of exogenous DNA into yeast 

IS by means of artifical chromosome vectors' Science, 2^, 806-81 2), or by introduction of chromosome fragments (see 
Richer, J and Lo. C W (1 989) 'Introductton of human DNA into mouse eggs by injection of dissected huo^ chromosome 
fragments* Science 245, 175-177). Vertebrate chromosome or DNA fragments may also be used as the source of the 
inserted DNA. 

,The inserted DNA may be introduced to the host in conventional manner, for example by injection or other proce- 
20 dures into fertilised eggs or embryonic stem cells. 

It may be convenient to use a host animal that initially does not carry genetic material encoding immunogtobulin 
constant regions so that the resulting transgenic anirral will use only the inserted foreign genetic material when pro- 
ducing immunogtobulins. This can be achieved either by using a naturally occuring mutant host lacking the relevant 
genetic material, or by artificially making mutants eg in cell lines ultimately to create a host from which the relevant 
25 genetic material has been removed. 

Where the host animal carries genetic material encoding immunoglobulin constant regions, the transgenic anin^l 
will carry the naturally occuring genetic material and the inserted genetic material and will produce immunoglobulins 
derived from the naturally occuring genetic material, the inserted genetic material and mixtures of both types of genetic 
material. In this case the desired immunoglobulin can be obtained by screening hybridomas derived from the transgenic 
30 animal, eg by exploiting the phenomenon of allelic exclusion of antibody gene expression or differential chromosome 
loss. 

In a further aspect the present invention produces a transgenic animal, particularty a non-human nr^ammal, which 
has had inserted into its germline DNA that includes a nucleic acid segment coding for at least part of an immunogtobulin 
of human origin which includes a gene segment coding for a human immunoglobulin heavy chain region wherein said 
35 gene segment is not in fully rearranged form, such that the DNA is rearranged in the animal to encode a repertoire of 
immunoglobulins with part or parts derived from the inserted DNA and expressed in cells or suitable body fluid of the 
animal. 

The invention also includes within its scope an immunogtobulin obtainable from a transgenic animal in accordance 
with the invention or produced by the method of the invention. 

. In one example, lines of transgenic mice were established, carrying a DNA segment introduced into their germline 
that contains germline-configuration immunoglobulin VH genes, some of the D segments, and all the JH and Cmu 
gene segments. One of the VH genes, ail the JH segments and the exons encoding the secreted heavy<hain constant 
region of IgM antibody were of human origin, with the remaining material being of mouse origin. The gene segments 
undergo productive VH-D-JH pining in the lymphoid tissue of the transgenic mice, with resultant synthesis of hu- 
^ man/mouse chimaeric IgM antibody in serum. 

Following immunisation, hybridomas have been established by fusion between spleen cells from the transgenic 
mice with the NSO myeloma. Many of the hybrids secerete human chimaeric IgM monoclonal antibodies. These lines 
of transgenic mice can therefore be used for the productton of chimaeric human antisera or monoclonal antibodies. 

Further, the mice make a respc^nse following immunisatton with human antigens, producing chimeric antibodies 
^ to introduced antigen, and this approach should therefore also prove useful for the productton of a repertoire of con- 
ventional human or chimaeric human antibodies directed against human as well as heterologous antigens, as the 
transgenic mice will not be tolerant to human antigenic determinants. 

In another example, transgenic mice carrying exclusively human VH, D, JH and C mu sequences were produced 
by injecting into fertilised nrtouse eggs cosmids containing human VH genes, D segments, J segments and the C mu 
55 constant regton. Resulting mice produced between 10 and 100 ug/ml antibody containing hunrian mu chains in their 
serum, with mouse IgM being present at about 200 ug/ml. 

The invention will be further described, by way of illustration, in the following Examples whkih refer to the accom- 
panying drawings, in which: 
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Figure 1 illustrates the structure of plasmid DNA; 

Figure 2 is a Southern blot analysis of DNA from tissues and from hybridomas derived from transgenic mice with 
the DNA of Figure 1 incorporated into tiie germline; 

5 

Figure 3 is a Northern blot analysis of cytoplasmic RNA from hybridomas from the transgenic mice; 

Figure 4 is an analysis of immunoglobulin secreted by two of the hybridomas established from the transgenic mice; 

10 Figure 5 illustrates the structure of IgA lambda plasmid DNA; 

Figure 6 is a series of FACS histograms showing fluorescence intensity of a fixed number of cells plotted against 
cell number; 

IB Figure 7 is a series of FACS profiles showing fluorescence intensity of a fixed number of cells plotted against 

scatter, with each dot representing a cell; and 

Figure 6 is a further series of FACS histograms similar to Figure 6. 

20 EXAMPLE 1 

The Transgene 

Plasmid DNA with the structure shown in Figure 1 was injected into mouse eggs. In this Figure human sequences 
25 are represented by filled bars; noouse sequences by unfilled bars; vector by cross-hatched bars, and D elements by 
reverse hatched bars. Restriction endonuclease cleavage sites are abbreviated as folbws: Bg, Bglli; P, Pvul; R, EcoRI; 
K, Kpnl; B, BamHI; X, Xbal; H, Hindlll. 

The provenance of the constituent DNA segments is as follows: 

30 The Vector: 

The entire "mini-IgH locus" was cloned between the EcoRi and Bgill site of a pUCI2 derivative that contains Bglll 
linkers cloned into a filled-in Narl site. 

5^ The VH genes: 

There are two VH genes in the mini-locus. The VH26 is of human origin and was obtained as a Bglll-EcoRl 0.85 
Kb fragment from phage lambda VH26 [Matthyssens & Rabbitts (1980) PNAS 77, 6561-6565]. The VH-186.2 is a 
germline VH gene from C57BLy6 mice and was obtained as 2.5 Kb Sacl-Kpnl fragment [Bothwell, Paskind, Reth, 
40 lmanishi-Kari,Rajewsky& Baltimore (1981) Cell 24, 625-637]. 

The D segments: the BALB/c mouse D-052 element was 

obtained as a 221 nt Xhol-SacI fragment. Foltowing cloning between the Sad and Sail sites of M13tgl31, site 
45 directed mutagenesis with either oligonucleotide 

5 • -GCGTCACCGTGGTAGCTGCTACCGTAGTAATAAACACTGTGGTCC or 

5 • -GCGTCACCGTGGTCGTAACCATAGTAGACACTGTGGTGC 

was used to create MI3tgl31 clones carrying D elements related to those of the mouse SP2 and FL1 6 families, respec- 
^ tively. These D families are found in both mouse and human. Another D element - the human D-052 - was included 
within the human JH cluster (see below). 

The JH cluster: 

A 3.5 Kb Bglll fragment from human DNA was used that includes the six functional human JH segments, three 
pseudo JHs as well as the human D-Q52 element [Ravetch et al. (1 981 ) Cell 27 , 583-591]. 
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The IgH Enhancers: 

Part of the human IgH enhancer is included within the Bglii fragment containing the JH cluster. A full copy of the 
mouse enhancer is included within the 1 Kb Xbai fragment. 

5 

The Switch region and Cmu region: 

The 7.5 Kb Xbal fragment of human DNA includes the mu switch region and exons 1 to 4 of the mu heavy-chain 
c(»istant region. The mu membrane exans and the bulk of the tntron between the Cmu4 exon and the Cmu Ml nnembrane 
^0 exon are provided by a 2.5 Kb Hindlll-Sphi fragment of the mouse mu CH gene in which the Sphi site was converted 
to a Bglli site by use of linkers. 

The Transgenic mice 

IS Plasmid DNA was linearised with Bgllt, purified after electrc^horesis in an agarose gel and injected into the male 

prOTUcleus of fertilised eggs of C57BL/6J x CBA/Ca mice as previously described [Reik et aL (1987) Eur J. Immunol. 
17. 465-469]. Southern blot analysis of tail DNA revealed that 12 of the 32 mice bom carried the mini-tocus. Most 
subsequent work was performed on off sprinq of three founder mice - HI g 1 7. 1 9 and 29 all of which carry a low number 
(2-5) of copies of the mini-locus. 

20 

Serum Assays 

Serum of the founder mice was tested by ELISA for the presence of antibody containing antigenic determinants 
characteristic of human IgM. The uniminunised transgenic mice proved to contain tween 10 and 100 ug/ml of chimaeric 
25 human IgM in their serum. Immunofluorescence analysis of lymphcxjytes in peripheral bkxxi also revealed the presence 
of cells staining with biotinytated species-specific anti-human ig M antibody and fluorescein-conjugated streptavidin. 

Hybridomas from transgenic mice 

30 Transgenic mice were immunised intraper'rtoneally with either human red blood cells or sheep red blood cells. 

Spleens were removed at various times after immunisatbn, fused with the NSO myeloma and hybrids selected in HAT 
medium. Many of these hybrids made chimaeric human IgM as revealed by EUSA assay. 

DNA Rearrangement of the mini-locus 

35 

Southern btot analysis of DNA from tissues from the transgenic mice as well as from the hybridomas revealed that 
there is a high frequency of DNA rearrangements within the minl-lg kxus in the lymphoid tissue of the transgenic mice. 

DNA from tissues or hybridomas established from the transgenic mice was digested with EcoRI and hybridized 
with a hunr>an IgH enhancer probe (Ball-Bglll fragment) that hybridizes to the regton between the human J6 element 
^ and the mouse IgH enhancer in the mini-locus. The results of Southern blot analysis of the DNA are shown in Figure 
2. The sizes in Kb of mariner fragments are given in the Figure. 

Transcription of the mini-k>cus 

^ Cytoplasmic RNA (5 ug) from the NSO fusion partner or from hybridomas from the transgenic mice was probed 

with human Cmu, human VH26 or mouse VH186 probes The results of Northern blot analysis of the cytoplasmic RNA 
are shown in Figure 3, which reveals that the hybridomas contained mRNA that hybridized with probes for human mu 
as well as for either or both of the VH26 or VH186 V genes. Thus both the human VH26 and mouse VH186 are able 
to rearrange and thus create a cell-tine that secretes a chimaeric human IgM antibody. 

50 

Antibody secretion by hybridomas irom the transgenic mice 

Protein production by cloned hybridoma cell-tines v^s analysed by use of biosynthetic labelling v^h L-[^^] me- 
thionine and subsequent purificatk>n with anti-human mu antiserum. In particular, cells were incubated overnight in 
55 medium containing L-{^S] methionine and IgM antibody purified from the culture supernatant by immunoprecipitation 
and an anti-human mu antiserum. The purification from the supematants of the transgenic hybridomas 35.5 and 24a 
was performed in the presence of a large excess (50ug) of non-radioactive, purified nrwuse monoclonal IgM antibody 
(B1-8) as indicated by "*+• in Figure 4. As seen using the nrtouse IgM secreting celWine, the anti-hunnan mu antiserum 
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cross-reacts with mouse mu but this cross-reaction can be competed by nonradioactive mouse BI-8 IgM antibody - 
see the lour lanes on the left of Figure 4. 

This illustrates that it is possible to establish hybridomas from these transgenic mice that secrete antibodies with 
different human mu chains. 

5 

EXAMPLE 2 

Transgenic animals can be created that produce specific antibodies in both their body fluids and external secretions. 
By way of illustration, this example concerns transgenic mice that carry integrated into their germline the genes en- 

10 coding the heavy and light chains of an antigen-specific chimaeric human lgA2 antibody 

Nine transgenic mouse lines were established that carried gemiline integrations of the DNA illustrated in Figure 
5. In Figure 5, the thick filled lines depict mouse Ig DNA, the hatched lines human DNA, open boxes the mouse IgH 
and SV 40 enhancers, and thin filled lines the pSV2gpt vector. Restriction site abreviations are as in Figure 1. The 
plasmid is a derivative of pSV-VNPH alpha 2 described previously [Bruggemann et al, J. Exp. Med (1 987) 166 , 

IS 1 351 -1 361] and contains a 7.4 kb EcoRI fragment including the rearranged lambda 1 gene of the mouse HOPC2020 
plasmacytoma [Bernard et al (1978), Cell J5, 1133-1140], Plasmid DNA was linearised at the Pvul site in the vector 
and transgenic mice derived as prevbusly described [Reik et al, Eur. F. Immunol (1 987) _17, 465-469]. 

The transgenic IgA 2 lambda antibody has specificity for the hapten 4-hydroxy-3-nitrophenacetyI (NP). Expression 
of the transgenic antibody was measured by ELI SA assay using NP-bovine serum albumin coupled to the plastic plate 

20 and developing with a biotinylated anti-human alpha antiserum. Total Ig was measured using anti-mouse Ig coated 
plastic and developing with biotinylated anti-mouse kappa antiserum. The concentration of chimaeric anti-NP lgA2 was 
detennined in the colostrum, serum and milk from seven transgenic mice and one control mouse, and the resuts are 
given in Table 1 . Colostrum was taken from the mother following hormonal injection within 24 hours of giving birth and 
milk was taken from the mother when the litter was 13-15 days old; serum was obtained at the same time as milk. 

25 From these data it is clear that transgenic animals can be used for specific antibody production thus allowing large 

scale production from milk, colostrum, sera, saliva etc as well as albwing the breeding of animals that yield a milk that 
is dosed with specific beneficial antibodies. It is also clear that the concentration of transgenic antibody is higher in 
colostrum than in milk. Moreover, the presence of the transgene does not affect the ability of the animal to make a 
large amount of endogenous antibody. The animals show no signs of being significantly immunodeficient or unhealthy 

30 

Example 3 

In this example, antigen-specific hybridomas were produced using human mu chains from transgenic mice. 

To show that the transgenic mice described in Example 1 can be used to produce antigen-specific antibodies in 

55 whrch the heavy-chain contribution to the antigen-combining site is provided by the transgenic human heavy-chain 
minilocus, the transgenic mice were immunised with 10^ sheep red cells (SRC). Spleen cells were fused 6 days later 
with the NSO plasmacytoma (Kohler and Mllstein, Nature. 256, 495-497. 1975). Cells were plated out in 96-well costar 
plates such that the expected seeding frequency was 1 hybridoma per well. Human mu positive hybrids were detected 
in an ELISA using biotinylated anti-human IgM. Antigen-specific hybrids have been identified in haemagglutination 

40 using sheep red ceiis. Weils were chosen that contained antibodies specific for sheep red cells and that contained 
human mu but neither mouse mu nor mouse gamma heavy chains as determined by ELISA. 

To demonstrate that the antibody secreted by the selected hybridomas was indeed a human mu/mouse light chain 
anti-SRC immunoglobulin, analysis in a fluorescence-activated cell sorter (FACS) was used. For FACS analysis, 10*^ 
sheep red cells were incubated with 20 ul culture supernatant for 30 min, washed with phosphate-buffered saline once 

45 and further incubated with either bbtinylated anti-human mu heavy chain antiserum, bbtinylated anti-mouse mu an- 
liseaim or bbtinylated anti-mouse kappa light chain anti-serum. After 30 min cells were washed as before and incubated 
with FITC coupled streptavidin. Cells were washed after 30 min and after gentle disruption were ready for the anaylsis. 

Results for 3 different hybrids producing IgM directed against the sheep red cell antigen are shown in the FACS 
histograms of Figures 6, 7 and 8, respectively 

50 The letters A, B, C and D in these Figures denote different staining. Figures 6A, 7A, 8A are results for negative 

controls using sheep red cells alone, sheep red cells incubated with antibody or sheep red cells incubated with fluo- 
rescinated (FITC) second antibody (either anti-human mu anti-mouse mu,. anti-mouse kappa). Figures 6B, 7B, 8B are 
results using sheep red cells incubated with hybrid culture supernatant and fluoresceinated (FITC) anti-human mu. 
Figures 6C: 7C: 8C are results using sheep red cells incubated with culture supernatant from the transgenic hybrids 

55 and fluoresceinated (FITC) anti-mouse mu. Figure 6D is results using sheep red cells incubated with hybrid culture 
supernatant and fluoresceinated (FITC) anti-mouse kappa. 

In Figures 6 and 8 fluorescence intensity of a fixed number of cells is plotted against cell number. In Figure 7 
fluorescence intensity of a fixed number of cells is plotted against scatter, with each dot representing a cell. 
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A shift of the profiles to the right (increased fluorescence) denotes a positive stain that can only been seen for 
antibodies containing human mu heavy chains and mouse kappa light chains but not for antibodies containing mouse 
mu heavy chains or mouse gamma heavy chains (not shown). 

5 Table 1 
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Antibody in the body flukis of lgA2, bmbda 1-mice 


igA2 anti NP Ab 


Total kappa bearing Ab 


Mouse 


Serum 


Milk 


Colostrum 


Milk 


Cotostrum 


TG1 


10 


0.6 


2.1 


960 


600 


TG2 


6.3 


0.56 


1.4 


ICXX) 


420 


TG3 


11.3 


1.3 


ND 


735 


ND 


TG4 


7.3 


0.8 


1.4 


780 


660 


TG5 


30 


7.6 


10.0 


1250 


ND 


TG6 


34.6 


5.0 


10.0 


600 


600 


TG7 


6.3 


0.64 


0.93 


780 


600 


Control 


0 


0 


0 


1136 


660 


ND, not determined 



Ail concentration in ug/ml 



Claims 

1. A method of producing an immunoglobulin, comprising inserting into the germline of a non-human animal DNA 
that includes a nucleb acid segment coding for at least part of an immunogtobulin of human origin which includes 
a gene segment coding tor a human immunoglobuiin heavy chain region wherein said gene segment is not tn fully 
rearranged form, such that the DNA is reananged in the aninnal to encode a repertoire of immunoglobulins with 
part or parts derived from the inserted DNA and expressed in cells or body fluid of the animal; and obtaining 
immunogtobulin from cells or suitable body fluid of the animal. 

2. A method of producing an immunoglobulin to a particular antigen, comprising producing a transgenic non-human 
animal by inserting into the germline of the animal DNA of foreign origin coding for at least part of an immunogtobulin 
of human origin which includes a gene segment coding for a human immunoglobulin heavy chain regton, such 
that said DNA of foreign origin undergoes rearrangement or mutatis in the lymphoid tissue of the transgenc 
animal to produce a variety of rearranged genes that encode immunoglobulins, tmmunglobulin fragments or immu- 
noglobulin chimeric molecules such that, foltowing challenge of the transgenic animal with a particular antigen, 
the immunoglcrfsulin to the antigen that is encoded by the rearranged or mutated DNA is expressed in cells or body 
fluid of the animal; and obtaining immunoglobulin from cells or suitable body fluid of the animal. 

3. A method according to claim 1 or 2, wherein polyclonal antiserum comprising the immunoglobulin is obtained from 
the animal. 

4. A method according to claim 1 or 2, wherein monoclonal antibody comprising the immunoglobulin is produced 
using cells obtained from the animal. 

5. A method according to claim 1 or 2. wherein the Immunoglobulin is produced in a body fluid or secretion of the 
animal. 

6. A method according to cteim 1 or 2, wherein the immunoglobulin is produced in vitro from cells obtained tram the 
aninr^l. 

7. A method according to any one of the preceding claims, wherein the inserted DNA encodes substantially the entire 
species spectflc regtons of an immunoglobulin. 

8. A method according to any one of the preceding claims, wherein the transgenic animal is a mouse. 
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9. A method according to any one of the preceding claims wherein the inserted DNA comprises a plasmid or cosmid; 
multiple plasm Ids or cosmids; a yeast artificial chromosome; or vertebrate chromosome or DNA fragments. 

1 0. A method according to any one of the preceding claims, wherein the DNA is inserted by injection or other procedures 
s into fertilised eggs or embryonic stem cells. 

11 . A method according to any one of the preceding claims, wherein the animal initially does not carry genetic material 
encoding immunoglobulin constant regions. 

10 12. An immunoglobulin of foreign origin obtainable by the method of any one of the preceding claims. 

13. A transgenic non-human animal which has had inserted in its germline DNA that includes a nucleic acid segment 
coding for at least part of an immunoglobulin ot human origin which includes a gene segment coding for a human 
immunoglobulin heavy chain region wherein said gene segment is not in fully rearranged form, such that the DNA 
is rearranged in the aninoal to encode a repertoire of Immunoglobulins with part or parts derived from the inserted 
DNA and expressed in cells or suitable body fluid of the animal. 



Patentanspruche 
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1. Verfahren zur Herstellung eines Immungiobulins, umfassend die Insertion von DNA in die Keimlinie eines nicht- 
menschlichen Tieres, die ein mindestens einen Teil eines Immungiobulins menschlichen Ursprungs codierendes 
Nucleinsauresegment umfaQt. das ein Gensegment einschlieBt, das einen Bereich der schweren Kette eines 
menschlichen Immungiobulins codiert, wobei das Gensegment nicht in vollstandig rearrangierter Form vorliegt, 

25 wobei die DNA in dem Tter rearrangiert wird, so daS sie eine Anzahl von Immunglobulinen mit einem Teil oder 

Teilen, die von der inserierten DNA stammen, codiert. und in den Zetlen oder der Korperflussigkeit des Tleres 
exprimiert wird; und die Gewinnung von Immungiobulin aus Zellen oder geeigneter Korperflussigkeit des Tieres. 

2. Verfahren zur Herstellung eines Immungiobulins gegen ein bestinimtes Antigen, umfassend die Produktion eines 
30 transgenen nicht-menschtichen Tieres durch Insertion von DNA fremden Ursprungs in die Keimlinie des Tieres, 

die mindestens einen Teil eines Immungiobulins menschlichen Ursprungs codiert, das ein einen Bereich der schwe- 
ren Kette eines menschlichen Immungiobulins codierendes Gensegment einschlieBt, wobei die DNA tremden 
Ursprungs einem Rearrangement oder einer Mutation im Lymphoidgewebe des transgenen Tieres unterliegt, so 
daO eine Vielzahl von rearrangierten Genen, die Immungiobuline, Immunglobulinfragmente oder chimere Immun- 
35 globuline codieren, produziert werden, so da3, nach Exposition des transgenen Tieres mit einem bestimmten 

Antigen, das Immungiobulin gegen das Antigen, das durch die rearrangierte oder mutierte DNA codiert wird, in 
Zellen oder Korperflussigkeit des Tieres exprimiert wird; und Gewinnung von Immungiobulin aus Zellen oder geeig- 
neter Korperflussigkeit des Tieres. 

40 3. Verfahren nach Anspruch 1 oder 2, wobei das Immungiobulin umfassendes potyclonales Antiserum von dem Tier 
erhalten wird. 

4. Verfahren nach Anspruch 1 oder 2, wobei das Immungiobulin umfassende nr>onoclonale Antikorper unter Verwen- 
dung von von dem Tier erhaltenen Zellen produziert werden. 
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5. Vertahren nach Anspruch 1 oder 2, wobei das Immungiobulin in einer KdrperflOssigkeit oder einem Sekret des 
Tieres produziert wird. 

6. Verfahren nach Anspruch 1 oder 2, wobei das Immungiobulin in vitro aus vom Tier erhaltenen Zellen produziert wird. 

7. Verfahren nach einem der vorangehenden Anspruche, wobei die inserierte DNA im wesentlichen die gesamten 
Speziesspezifischen Bereiche eines Immungiobulins codiert. 

8. Vertahren nach einem der vorangehenden Anspruche, wobei das transgene Tier eine Maus ist 

9. Verfahren nach einem der vorangehenden Anspruche, wobei die inserierte DNA ein Plasmid oder Cosmid, multiple 
Plasmide oder Cosmide, ein kunstiiches Hefechromosom oder VertebratenchronrKJsom oder DNA-Fragmente 
umfalBt. 
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10. Verfahren nach einem der vorangehenden Anspruche, wobei die DNA durch Injektion Oder andere Verfahren rn 
befruchtete Eier Oder embryonaie Starrtmzellen inseriert wird. 

11. Verfahren nach einem der vorangehenden Anspruche, wobei das Tier zunachst kein genetisches Material tragt. 
s das konstante Berelche von Innmungtobulin codi ert. 

12. fmmungbbulin Iremden Ursprungs, erhaltlich durch das Verfahren nach einem der vorangehenden Anspruche. 

13. Transgenes nicht-menschlk;hes Tier, in dessen Keimlinie DNA inseriert ist, die ein mindeslens einen Tel! eines 
10 Immungtobuiin menschlfchen Ursprungs codierendes Nucleinsauresegment unnfaf^t. das ein Gensegment ein- 

schlieBt, welches einen Bereich der sc^weren Kette eines menschlichen Immunglobulins codiert, wobei das Gen- 
segment nicht in vollstandig rearrangierter Form vorliegt, wobei die DNA in dem Tier rearrangiert wird, so daB sie 
eine Anzahl von Immunglobulinen mit einem Teil oder Teilen, die von der inserierten DNA stammen, codiert, und 
in Zellen oder geeigneter Korperflussigkeit des Tieres exprimiert wird. 

IS 

Revendlcatlons 

1. Proc6d6 de productbn d'une inrvnunoglobuline, comprenant I'insertion dans la Ilgn6e germinate d'un animal non- 
20 humain d'un fragment d'ADN qui contient un segment d'acide nuc!6ique codant pour au moins une partie d'une 

immunoglobuline d'origine hunDaine. incluant un segment de g^ne codant pour une region de chaTnes lourdes 
d'immunoglobuline humaine, dans lequel ledit segment de gdne n'est pas sous une forme entierement r6arrang6e. 
let que TADN soit r^arrangd dans TanimaLpour coder un repertoire d'immunoglobultnes avec une ou des parties 
d6riv6e{s) de TADN ins6r6 et exprim6e(s) dans les cellules ou un fluide corporel de I'animal ; et I'obtentbn de 
2S I'immunogtobuline ^ partir des cellules ou du fluide corporel approprid de I'animal. 

2. Procdd^ de production d'une immunogtobuline dirig^e contre un antigene particulier, consistent h produire un 
animal transg6nique non-humain en insurant dans la lign§e germinate de I'animal un fragment d'ADN d'origine 
6trangdre codant pour au moins une partie d*une Immunoglobuline d'origine humaine incluant un segment de g6ne 

30 codant pour une region de chaTne lourdes d'une immunoglobuline humaine. tel que ledit ADN d'origine 6trang6re 

subisse un r^rrangement ou une mutation dans le tissu lymphoide de I'anima! transgenique pour produire une 
yaridte de gdnes rearranges qui codent des immunoglc^ulines, des fragments d'immunoglobu lines ou des noote- 
cules chimeriques d'immunoglobulines tel que, apres provocation de I'animal transgenique avec un antigfene par- 
ticulier, I'immunoglobuline dirigee contre Tantigdne qui est codde par I'ADN rearrange ou ayant subi une mutation 

35 s'exprime dans les cellules ou un flukie corporel appre)pri6 de I'animal . 

3. Proc6de selon la revendicatbn 1 ou 2, dans leque! I'antiserum polyclonal comprenant I'immunoglobuline est obtenu 
de I'animal. 

^ 4. Procede seton la revendication 1 ou 2, dans iequel I'anticorps monoclonal comprenant Timmunoglobuline est pro- 
duit en utilisant les cellules obtenues de I'animal. 

5. Procede selon ta revendication 1 ou 2, dans lequel I'immunogbbuline est produtte dans un fluide corporel ou une 
secretkxi de Panimal. 

45 

6. Procede seton la revendicaticm 1 ou 2, dans lequel I'immunogtobuline est produite in vitro ^ partir de cellules 
obtenues de Tanimal. 

7. Procede seton Tune quelconque des revendications qui precedent, dans lequel I'ADN insere code essentiellement 
so pour les regions specif iques de ta totalite des classes d'une Immunogk^uline. 

8. Procede sek>n Tune quelconque des revendk^tions qui precedent, dans lequel I'animal transgenique est une sou- 
ris. 

55 9. Procede seton I'une quelconque des revendications qui precedent, dans lequel I'ADN insere conr\prend un plasmkle 
ou un cosmkie ; des plasmides ou des cosmides multiples ; un chronriosome ar1ifk:iel de tevure ; ou un chromosc»ne 
de vertebre ou des fragments d'ADN. 
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10, Proc6d6 selon Tune quelconque des revendications qui pr6c6dent, dans lequel le fragment d'ADN est ins6r6 par 
injection ou autres moyens dans des oeufs f6cond6s ou des cellules souches embryonnaires. 

11, Proc6d6 selon I'une quelconque des revendications qui pr6c6dent, dans lequel au depart ranimal n'est porteur 
d'aucun materiel g6n6tique codant pour les regions constantes de rimmunoglobuline. 

12, Immunogtobuiine d'origine 6trangere pouvant §tre obtenue par le proc6d6 selon Tune quelconque des revendica- 
tions qui precedent. 

13, Animal trans96nique non-hunnain dans la I(gn6e germinale duquel on a insert un fragment d'ADN qui contient un 
segment d'acide nucleique codant pour au nnoins une partie d'une immunoglobuline d'origine humaine inctuant un 
segment de g^ne codant pour une region de chaTnes lourdes d'immunoglobuline humaine. dans lequel ledit seg- 
ment de g6ne n'est pas sous une forme entidrement r6arrang6e, pour que I'ADN soit r6arrang6 dans I'aninaa! pour 
coder pour un repertoire d'immunoglobulines avec une ou des parties d6riv6e(s) de I'ADN ins6r6 et expr(mee(s) 
dans tes cellules ou un fluide corporel de I'animal. 
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